A Gram-stain positive, aerobic, non-motile actinobacterium, designated DSXY973 T , was isolated from soil samples collected from Xinjiang desert using medium supplemented with resuscitationpromoting factor, and subjected to a polyphasic taxonomic investigation. Phylogenetic analysis based on 16S rRNA gene sequences revealed that DSXY973
The genus Arthrobacter, belonging to the family Micrococcaceae, class Actinobacteria, was established by Conn & Dimmick (1947) and emended by Koch et al.(1995) . Most members of this genus exhibit a rod (in young cultures) to coccus (in older cultures) morphological cycle. The strains of species of this genus are Gram-stain positive, catalasepositive and contain MK-9(H 2 ) or MK-8/MK-9 as the major menaquinones. The primary diamino acid of their peptidoglycan, subject to A3a or A4a type, is lysine (Schleifer & Kandler, 1972; Stackebrandt et al., 1983; Keddie et al., 1986) .
Traditional culture techniques only recover 0.01-10 % of the micro-organisms from natural environments (Zhang et al., 2005; Oliver, 2010; Ding et al., 2011) , neglecting the large numbers that are in a 'viable but non-culturable' (VBNC) state, or termed, uncultivated micro-organisms (Colwell et al., 1985; Epstein, 2009) . Molecules termed resuscitation-promoting factors (Rpf) have been suggested to awaken dormant cells. Rpf, first identified in Micrococcus luteus, can increase the viable cell counts of dormant M. luteus cultures more than 100-fold, and it also stimulates the growth of several high G+C content Gram-stain positive bacteria, including the Mycobacterium spp. (Mukamolova et al., 1998 (Mukamolova et al., , 1999 . In our laboratory, a few bacteria belonging to the VBNC group have already been isolated from soil and from sewage treatment systems by supplying them with Rpf from M. luteus. Many of these were subsequently classified as belonging to novel species (Ding, 2004; Li et al., 2007; Ding et al., 2007 Ding et al., , 2009 Ding et al., , 2011 Ding et al., , 2012 Ding & Yokota, 2010; Su et al., 2013a; Li et al., 2014) , indicating that the addition of Rpf is an efficient way of discovering unknown microbes. Recently, using the same strategy on Xinjiang desert soil samples, we isolated several VBNC bacteria, one of which belonged to the genus Arthrobacter.
sediment, poultry litter, cheese, human clinical specimens and animal specimens (Hoang et al., 2014) . Strains of species of the genus Arthrobacter are widely applied in industry, agriculture, environmental protection, and food production, serving as efficient microbial flocculants (MBFs), in the biodegradation of polychlorinated biphenyl (PCB) (Su et al., , 2012 (Su et al., , 2013a , and in biological deodorization, nitrification and denitrification (Ding et al., 2009 etc. During the investigation of the microbial diversity within Xinjiang desert samples, many new genera or species have been described Tang et al., 2011; Yang et al., 2013 Yang et al., , 2014 . In this study, we describe the isolation and classification of a novel species of the genus Arthrobacter from Xinjiang desert soil using the Rpf strategy.
Strain DSXY973
T was isolated from soil samples from the Xinjiang Uigur Autonomous Region by using PYG medium (5 g peptone, 0.5 g yeast extract, 5 g glucose, 2.5 g NaCl, 1 L H 2 O, pH 7.0) containing the culture supernatant containing Rpf (1 %, v/v), which was produced from an rpf gene-positive bacteria (MpET15brpf-P), while an rpf gene-negative bacteria (MpET15brpf-N) served as an Rpf-free control . The experiment was performed according to the most probable number (MPN) culture system (De Man, 1975; Ding et al., 2012; Su et al., 2013a) in PYG medium. In detail, the soil sample collected was diluted from 10 21 to 10 27 and divided into two groups (treated with or without Rpf). Experiments on each group were repeated three times and labelled as A, B and C for the Rpf treated group and as a, b, and c for the Rpf untreated group, respectively (Fig. S1 , available in the online Supplementary Material). A single colony of DSXY973
T was obtained from turbid culture liquid at the 10 26 dilution from A or B, while no colonies could be isolated from the 10 26 dilution of a, b or c from the control group. Purified strain DSXY973
T was routinely cultured on Tryptic Soy Broth (TSB; Difco) agar at 30 u C and was maintained on slants at 4 u C and as glycerol suspensions (20 %, v/v) Genomic DNA was extracted and purified using a commercial DNA purification kit (TIANGEN). The 16S rRNA gene sequence (1477 bp) was amplified by using two universal primers, 27F (59-AGAGTTTGATCCTGGCTCAG-39) and 1492R (59-TACGGCTA -CCTTGTTACGACTT-39) (Kim et al., 1998) . The 16S rRNA gene sequence similarity values were calculated by using the EzTaxon web-based tool (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) and aligned with sequences of recognized species of the genus Arthrobacter by using CLUSTAL X software (Thompson et al., 1997) . Sequences of the most closely related strains, which were longer than 1400nt and without ambiguous nucleotides, were downloaded from the DDBJ/EMBL/GenBank database. A phylogenetic tree of strain DSXY973
T and some closely related species of the genus Arthrobacter ( Fig. 1) was reconstructed using the neighbour-joining (NJ) (Saitou & Nei, 1987) , maximum-parsimony (MP) (Fitch, 1971) and maximum-likelihood (ML) (Tamura & Nei, 1993) methods by using software package MEGA version 5.0 (Tamura et al., 2011) . The NJ tree was calculated by using distances corrected according to the Kimura two-parameter model (Kimura, 1980 (Kimura, , 1984 . The topology of the phylogenetic trees was evaluated by the bootstrap resampling method with 1000 replicates (Felsenstein, 1985 T was determined, by HPLC (Mesbah et al., 1989) , to be 67.6 mol%.
Gram staining of strain DSXY973
T was performed according to the standard Gram reaction and confirmed by using the non-staining method (Buck, 1982) . Cell morphology was observed by using a light microscope (model BH2; Olympus), a scanning electron microscope (JSM-5600; JEOL) and a transmission electron microscope (JEM, 1400) after cells were incubated for 24 h at 30 u C on TSB agar. Motility was determined by microscopic analysis and flagella were observed using a transmission electron microscope. Tolerance to NaCl (0-7.0 %, w/v, at intervals of 1 %) was determined on TSB agar. The pH range for growth was tested on TSB medium over a pH range of 4.0-12.0 (intervals of 1.0 pH unit) using the following buffer systems, pH 4.0-5.0 : 0.1 M citric acid/0.1 M sodium citrate; pH 6.0-8.0 : 0.1 M KH 2 PO 4 /0.1 M NaOH; pH 9.0-12.0 : 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 for 4 days at 30 u C. The temperature range for growth was determined on TSB broth at 4-40 u C (4, 5, 10, 20, 25, 30, 37 and 40 u C) over a period of 10 days.
Cells of strain DSXY973
T were Gram-stain-positive, aerobic, non-motile, non-spore-forming and approximately 2.0-3.0 mm long and 0.4-0.8 mm wide (Fig. S2) . Cells in old cultures tended to be shorter rods and coccal cells. Colonies were 0.1-0.2 mm in diameter, circular, slightly convex and pale yellow with entire margins after growth on TSB agar for 24 h at 30 u C. The temperature range for growth was 5-37 u C (optimum, 30 u C). No growth was observed at 4 u C and 40 u C. Growth occurred at pH 6.0-9.0 (optimum, pH 7.0), in the presence of 0-5 % (w/v) NaCl.
Oxidase activity was tested, as described by Steel (1961) . Catalase activity was evaluated by determining the production of an oxygen bubble in a 3 % (v/v) H 2 O 2 solution (Goodfellow, 1971) . H 2 S production was evaluated on triple-sugar iron agar. Nitrate reduction was tested in nitrate broth containing 0.2 % (v/v) KNO 3 (Skerman, 1967) . Hydrolysis of urea was determined on peptone-glucose agar (l ). Milk coagulation and peptonization was determined using 20 % (w/v) skimmed milk as the incubation medium for 3, 5, 7 and 14 days at 30 u C. The ability to utilize various carbon sources was tested on basal medium (Pridham & Gottlieb, 1948) supplemented with 1 % (w/v) of each carbon source. The results were summarized in Table 1 .
Cells were collected, freeze-dried and analysed for peptidoglycans according to the method described by Schleifer & Kandler (1972) , with the modification that TLC cellulose plates (microcrystalline powder, Merck) were performed. For two-dimensional TLC, 2-propanol/ acetic acid/ water (75 : 10 : 15, by vol.) was used in the first dimension and methanol-pyridine/ 10 M hydrochloric acid/ water (64 : 8 : 2 : 14,by vol.) was used for the second dimension. The primary diamino acid of the cell wall was lysine, compared to standard amino acids. Whole-cell sugars of strain DSXY973
T were analysed according to the procedures developed by Hasegawa et al. (1983) and they included galactose, mannose, ribose and rhamnose (Table 1) . Polar lipids (PLs) were extracted from cells grown on TSB medium for 24 h at 30 u C, examined using two-dimensional TLC (silica-gel plate 60; Merck) and identified using standard procedures (Minnikin et al., 1984) . The first dimension was developed in chloroform/ methanol/ water (65 : 25 : 4, by vol.) and the second was developed in chloroform/ methanol/ acetic acid/ water (80 : 12 : 18 : 5, by vol.). Total lipid material and specific functional groups were detected by using molybdatophosphoric acid reagent (whole lipids), Dittmer and Lester reagent (phosphate), ninhydrin (free amino groups) and a-Naphthol reagent (glycolipids). Strain DSXY973 T contained diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), two unknown polar lipids (PL), four unknown glycolipids (GL) and one unknown lipid (L1) (Fig. S3) . Four polar lipids including DPG, PG, and two unknown phospholipids (PL1 and PL2) with low Rf values, and three unknown glycolipids (GL1, GL2 and GL4) were the same in the four reference species of the genus Arthrobacter, but L1 and GL3 of DSXY973 T distinguished it from other reference strains.
For fatty acid analysis, the cell mass of strain DSXY973 T and the four reference strains were grown on TSB agar plates after incubation at 30 u C for 24 h. Cellular fatty acids were extracted and prepared according to the protocol of the Sherlock Microbial Identification System (MIDI), and analysed by capillary GLC (6890; Hewlett Packard) using the Microbial Identification software package with the Sherlock system MIDI 6.1 and the Sherlock Aerobic Bacterial Database (TSBA 6.1) (Sasser, 1990) . Fatty acid analysis was performed in duplicate. The fatty acid profile of strain DSXY973
T indicated large amounts of branchedchain saturated fatty acids; the major fatty acids were anteiso-C 15 : 0 (46.3 %) and anteiso-C 17 : 0 (19.9 %) as with the reference strains, but strain DSXY973
T contained more iso-C 15 : 0 (10 %) and C 17 : 0 iso 3 OH (1.5 %) ( Table 2) . Cells for menaquinone analysis were grown on TSB medium at 30 u C for two days and freeze-dried. Respiratory quinones were extracted and purified according to Collins (1985) ; purified menaquinones were determined by reverse-phase HPLC (Wu et al., 1989) using the other four strains as references. Strain DSXY973 T contained MK-9(H 2 ) (79.4 %) and MK-8(H 2 ) (10.3 %) as the major respiratory quinones, while MK-7(H 2 ) (8.3 %) and MK-6 (2.0 %) were also detected.
Based on the phylogenetic analysis, G+C content, analysis of the PLs, fatty acids, menaquinones and the biochemical and physiological characteristics, we propose that strain DSXY973 T represents a novel species of the genus Arthrobacter, for which the name Arthrobacter liuii sp. nov. is proposed. (Table 1 ). The cell-wall peptidoglycan contains L-lysine as the diagnostic diamino acid. The whole-cell sugars are galactose, mannose, ribose and rhamnose. The whole lipids contain diphosphatidylglycerol, phosphatidylglycerol, two unknown PLs, four unknown glycolipids and one unknown lipid. The predominant menaquinone is MK-9(H 2 ); small amounts of MK-8(H 2 ) and MK-7(H 2 ) are also present. The major The type strain, DSXY973 T (5CGMCC 1.12778 T 5JCM 19864 T ), was isolated from a soil sample collected from the Xinjiang desert region, PR China. The DNA G+C content of the type strain is 67.6 mol%. 
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